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Abstract 
Ginseng has long been used as a tonic, anti-fatigue, sedative and anti-ulcer drug 
in Chinese medicine. Previous studies have suggested that its pharmacological effects 
are due to ginseng saponins. Ginseng saponins, often referred to as ginsenosides, are 
dammarane-type triterpene glycosides, where (20S)- protopanaxadiol or (20S)-
protopanaxatriol are commonly found in ginseng. Till now, more than 30 compounds of 
ginseng saponins have been found from ginseng and allied plants. 
In the literature the separation of ginsenosides using chromatographic techniques 
such as GC，LC, TLC and HPLC have been reported. Yet these methods have certain 
disadvantages such as low resolution or long time of analysis. 
Recently, a new separation technique, capillary electrophoresis, has become 
available. By using this method, chemical constituents in complex mixtures such as 
traditional Chinese herbal extracts have been successfully separated. 
In this project, the approach of capillary electrophoresis was employed to 
separate seven ginsenosides i.e. ginsenosides rbl, vb2, rc, rd, re, rf and rgl. A number of 
analytical parameters (buffer concentration, buffer's pH, voltage applied and temperature) 
were optimized for qualitative and quantitative determination of these saponins. Besides, 
the effects of surfactants as well as organic modifiers on the separation efficiency were 
investigated. 
i 
Apart from the studies of ginsenosides standards, the capillary electrophoresis 
method was also applied to identify the ginsenoside contents in selected ginseng 
preparations obtained from commercial sources. The results of this study might find 
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Chapter 1: Introduction 
1.1 Ginseng and Ginsenosides 
China has a long history of cultural development. In the medical system, 
commonly known as the traditional Chinese medicine (TCM), there is a large volume 
of natural substances and plants, the "Chinese herbs". Till now, thousands of Chinese 
herbs have been identified and over 500 of them are commonly available in the 
market. Due to the increasing popularity of these substances, much efforts have been 
dedicated to investigate the medicinal herbs in a scientific manner, and at the same 
time, the use of Chinese herbs in hospitals for therapeutic purposes are becoming 
more and more common. Among these Chinese herbs, ginseng is probably the best-
known and it has received quite detailed investigation. 
Ginseng is a highly valued herb that is commonly used in Asia and U.S. Four 
species, Panax ginseng (Korean ginseng), Panax quinquefolium (American ginseng), 
Panax notoginseng (Sanchi ginseng) and Panax japonicum (Japanese ginseng), have 
become the subject of extensive research. And it is found that ginseng contains 
several ingredients including proteins, carbohydrates, volatile oils, antioxidants, 
peptides, polysaccharides and ginseng saponins. 
Studies have suggested that these pharmacological activities are mainly due 
to ginseng saponins, also known as ginsenosides. Over 30 ginsenosides were 
successfully isolated and characterized from ginseng. And some of the structures are 




Figure 1.1.1: Structures of Selected 20(S)-Protopanaxadiol Saponins 
Ginsenoside Ri R2 
^ -glc(2-l)glc -glc(2-l)glc 
Rb2 -glc(2-l)glc -glc(6-l)arap 
Rc -glc(2-l)glc -glc(6-l)araf 
Rd -glc(2-l)glc -glc 
Rg3 -glc(2-l)glc -H 




H C K ^ C V 
I 
6 R I 
Figure 1.1.2: Structures of selected 20(S)-Protopanaxatriol Saponins 
Ginsenoside Ri 
R2 
Re -glc(2-l)rha -glc 
Rf -glc(2-l)glc -H 
Rgl -glc -glc 
Rg2 -glc(2-l)rha _H 
Rhi -glc -H 
I 
Figure 1.1.3: Structure of an Oleanolic Acid Saponin 
Ginsenoside Ri R2 
Ro -glc(2-l)glc ^ 
3 
The ginsenosides of ginseng fall into three groups, namely the 
protopanaxadiol type, protopanaxatriol type and oleanane type. Ginsenosides based 
on the sapogenin 20(S)-protopanaxadiol possess sugar moieties attached at the C-3 
OH and C-20 OH positions; ginsenosides based on the sapogenin 20(S)-
protopanaxatriol have sugar moieties attached at C-6 OH only as in ginsenosides Rf 
or at C-6 OH and C-20 OH, e.g. ginsenosides Re and Rgi. The third type of 
sapogenin exists in the ginseng is a pentacyclic, oleanane-type triterpene compound 
named oleanolic acid and its saponin, ginsenoside Ro, occurs commonly in ginseng 
species [1]. 
Both 20(S)-protopanaxadiol type and 20(S)-protopanaxatriol type saponins 
are hydrophilic but oleanolic acid is lipophilic. The glycosides of ginseng are formed 
by the addition of sugar units to the aglycone. Different ginsenosides vary according 
to the number, nature and location of sugars such as arabinose，glucose, rhamnose 
and xylose. 
The confusions arising from the nomenclature of ginsenosides was resolved 
by using the designation Rx where the capital R refers to the root and the lower case 
X 二 o, ai, a2，bi，b2, c, d，e，f, gi, g2, gs, hi, h�，etc” relating to the relative positions of 
the separated neutral saponin spots on thin layer chromatograms, ginsenosides Ro 
and Ra being the least polar. In a similar manner new ginsenosides from the leaves 
were designated Fx, the capital F indicating "folia" meaning "leaves" [1:. 
Ginsenosides are involved in a number of pharmacology actions on human 
body. For the memory and intellectual skills, it was found that ginsenoside Rbi could 
4 
prevent the memory deficits caused by the cholinergic agent hyoscine [3 . 
Ginsenosides Rgl was also found to have ability to counteract the spatial learning 
deficits [4]. Besides, experiments proved that both ginsenosides Rgi and Re were 
responsible for anti-aging functions [5], that is the ability to retard aging and to 
improve the cognitive state of the mind and particular the memory [6]. 
For the effect of ginsenosides on the central nervous system (CNS), the S-
protopanaxatriol series of ginsenosides are principally stimulants, while ginsenosides 
of the S-protopanaxadiol series possess sedative effect. Even through different types 
of ginsenosides possess opposite effects on the CNS, it was suggested that the 
stimulant-depressant combination of ginsenosides exercised a regulatory function 
and should have potential values in the treatment of emotional disorder [7:. 
Ginsenosides were also proved to have pharmacology effect on the cardiovascular 
system; ginsenosides Rbi and Rgi could prevent cardiac ichemia by inhibition of 
lipid peroxidation [8:. 
Ginseng is found to have applications on strengthening the debilitated body, 
stimulating recuperation and improving the quality of life. Ginseng are useful 
ingredients in geriatric tonic drugs and medicines for the treatment of aging diseases 
and anticancer treatment [9,10] It is also been used as liver protective agents and 
medicines for alcohol intoxication therapy [11:. 
5 
1.2 Instrumental Analysis of Ginsenosides 
Although ginseng has contributed much to the improvement of human health, 
the quality assessment of this herbal drug is traditionally based on visual examination 
of external appearance and smells of characteristic fragrance. In the past 25 years, 
numerous papers were published describing various analytical methods of 
ginsenosides. These methods can be classified into the following categories: 
1. Thin Layer Chromatography 
2. Infrared Spectrometry 
3. Colorimetry 
4. Gas Chromatography 
5. High Performance Liquid Chromatography 
1.2.1 Thin Layer Chromatography 
Thin layer chromatography (TLC) is one of the most common and simplest 
analytical methods. By choosing a suitable eluent system and adsorbent (for example, 
an eluent system of n-butanol: ethyl acetate : water = 4 : 1 : 5 and silica gel (G-0.5% 
(MC-Na)) [12], ginsenosides could be separated. Beside the above method, 
alternative methods involving the addition of reagents such as p-anisaldehyde, glacial 
acetic acid, methanol and sulfuric acid, by using high performance thin layer 
chromatography (HP-TLC), were developed. In this way the linearity, recovery and 
the detection limit can be improved [13: • 
6 
1.2.2 Infrared Spectroscopy 
In 1990，Wang et al. introduced a far-infrared method to investigate the 
difference between Canadian and American ginseng [14]. Another method, near-
infrared reflectance spectroscopy (NIRS) within the region of 400 nm to 2500 run, 
was also introduced for the characterization and the quantification of ginseng extracts 
[15]. 
1.2.3 Colorimetry 
Colorimetry is another analytical method applied for the analysis of ginseng 
saponins. By using various colorimetric reagents (e.g. HClCVvanillin, vanillin-
H 2 S O 4 chromagen), Wang et al obtained the absorption spectrum of different 
ginsenosides [16]. Zhao also conducted the study of ginsenoside by using TLC-
colorimetric method with vanillin-ethanol colorimetric reagent [17]. Apart from 
quantification, colorimetry was used in a quantitative comparison between Chinese 
and Korean red ginseng [18:. 
1.2.4 Gas Chromatography 
Cui et al developed a method for determining the presence of ginseng 
saponins in serum, tissues and excretion [19]. Similar to colorimetric detection of 
ginsenosides, the method involves chemical reaction (conversion of ginseng saponins 
to sapogenins by using alkaline cleavage procedure) before conducting the analysis 
in the instrument. After his work，several studies about detection of ginsenosides 
7 
using gas chromatography were published in which most used mass spectrometer as 
the detector [20:. 
1.2.5 High Performance Liquid Chromatography 
Since 1979, a number of articles have been published about the 
characterization of ginseng saponins by using high performance liquid 
chromatography (HPLC) methods. By using different mobile phases (e.g. 
acetonitrile-water [21]，methanol-water [22]) with various columns (reversed-phase 
C18 [23], normal phase NH2 [24]，ODS [25]), a number of ginsenoside compositions 
were successfully separated. Besides using UV detector as a common method of 
detection [26,27], electron light scattering detector (ELSD) [28], fluorescence [29], 
as well as MS/MS [30], were used for characterization and quantification of ginseng 
saponins. 
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1.3 Obj ective of the Study 
Capillary electrophoresis (CE) is an analytical method developed for over a 
decade now. As an alternative method of chromatography, capillary electrophoresis 
has some unique prospects. Usage of narrow capillary tubing under the presence of 
high electric field in the separating process is one of the major characteristics of CE. 
Besides, the limited consumption of sample and reagent (usually aqueous), the use of 
on-line real time detector, inexpensive capillaries relative to HPLC columns make 
capillary electrophoresis a good approach in separation science. 
Chen et al published the first paper about the analysis of traditional Chinese 
medicine using capillary electrophoresis in 1993 [31]. Since then a number of reports 
about the analysis of Chinese herbs such as Xiaotangling [32], glycyrrhizin [31] and 
Rhizoma coptidis [33] have been reported. Most of the results showed good 
reproducibility, high recoveries, and low relative standard deviations for intra-day 
and inter-day analyses. When plotting the calibration curve, it also showed good 
linearity. 
Although a number of papers report the analysis of Chinese herbal extracts 
using capillary electrophoresis, only one paper was found dealing with the separation 
of ginsenosides using capillary electrophoresis [34]. In order to further develop this 
technique for ginseng analysis, the present project was initiated with the following 
objectives: 
1. To develop a suitable method for separating seven ginsenosides (Rbi, Rbi, Rc， 
Rd, Re, Rf and Rgi) using capillary electrophoresis; 
2. To study the effect of various types of experimental parameters (e.g. buffer 
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concentration, buffer pH, the use of different kinds of surfactants, addition of 
organic modifier, the inner diameter of the capillary, the operating voltage, the 
operating temperature and the time of sample injection) on the separation of 
ginsenosides and hence to determine an optimal experimental condition; 
3. To study the inter-day as well as the intra-day reproducibility of the proposed 
method; 
4. To study the applicability of the proposed method for the analysis of some of 
the ginseng samples. 
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Figure 1.3.1: A Proposed Scheme for Method Development of Separation of 
Ginsenosides Using Capillary Electrophoresis 
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Chapter 2: Experimental 
2.1 History of Electrophoresis and Capillary Electrophoresis 
Electrophoresis is a technique for separating charged molecules based on 
their movement through a fluid under the influence of an applied electric field. If two 
solutes have different charge-to-mass ratio, then separation will usually occur. 
Tiselius first introduced this technique in the 1930's, in which the separation was 
performed by placing protein mixtures between buffer solutions in a tube and 
applying an electric field along the tube [35]. However, traditional electrophoresis 
equipment offered a low level of automation and long analysis time. Detection of 
separated analyte was performed by post-separation visualization. The analysis time 
was long with low efficiencies as only relatively low voltages could be applied 
before excessive heat formation caused a loss of separation. 
After half a century of development in electrophoresis and instrumentation, 
High Performance Capillary Electrophoresis (HPCE) has developed. For HPCE, 
separation was carried out in a narrow bore capillary (usually 25 |im-200 p-m i.d.) 
where separation of charged molecules, based on the difference in charge-to-mass 
ratio of the analyte, is achieved under the influence of an electric field. 
The instrumentation of a basic automated capillary electrophoresis system is 
shown below. It consists of a high voltage power supply, buffer reservoirs, a detector, 
a capillary and a cabinet. The basic operation can be described as: the ends of a 
narrow-bore, fused silica capillary are placed in buffer reservoirs. The content of the 
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reservoirs is identical to that within the capillary. The reservoirs also contain the 
electrodes used to make the electrical contact between the high voltage power supply 
and capillary. Sample is loaded onto the capillary by replacing one of the reservoirs 
with a sample reservoir and applying either an electric field or external pressure. 
After replacing the buffer reservoir, the electric field is applied and the separation is 
performed [39]. Optical detection can be made at the opposite end, directly through 
the capillary wall (Figure 2.1.1). 
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Figure 2.1.1: A Basic Capillary Electrophoresis System 
Sample separation in CE possesses a simple basic principle involving the 
combined effects of electroosmotic flow and electrophoretic migration. 
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2.1.1 Electroosmotic Flow (EOF) 
A fundamental constituent of CE operation is electroosmotic flow (EOF). 
Fused silica is the most common material used to produce capillaries for HPCE. It is 
a highly crosslinked polymer of silicon dioxide covered with an external polyimide 
protective coating to provide increased mechanical strength, as bare fused silica is 
extremely fragile. Before use, capillaries are usually conditioned with sodium 
hydroxide to free silanol groups and may cleave some silica epoxide linkages as well 
After filling the capillary with buffer solution, which is usually aqueous, the solid 
surface of the capillary wall will possess an excess of negative charges, due to the 
formation of anionic form (SiO") of the silanol group (SiOH) (Figure 2.1.2). 
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Figure 2.1.2: A Diagram of Bare Fused Silica Surface with Negatively Charged 
Silanol Groups 
When the capillary is filled with the electrolyte medium, counterions (cations, 
in most cases), which built up near the surface to maintain charge balance, form a 
double-layer (stem and compact) and create a potential difference at a distance very 
close to the wall，which is known as the zeta potential (Figure 2.1.3). 
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Figure 2.1.3: Representation of the Double-layer at the Capillary Wall: (1) Stem 
Layer, (2) Compact Layer, (3) the Electrolyte Medium 
At the time where the voltage is applied across the capillary, the cations 
forming the diffuse double-layer are attracted towards the cathode. Because they are 
solvated, their movement drags the bulk solution in the capillary towards the cathode. 
The process is shown below (Figure 2.1.4). 
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Figure 2.1.4: A Diagram of Flow of Buffer towards the Cathode upon an Applied 
Electric Field 
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The magnitude of the EOF can be expressed in terms of velocity or mobility 
by: 
VEOF = (SC / ” ) E 
Or 
I^ EOF = (SC / TL) 
where 
VEOF = velocity, |LIEOF = E O F mobmty, C = zeta potential, 
8 = dielectric constant, ri = solution viscosity and 
E = applied electric field 
EOF causes movement of nearly all species, regardless of charge, in the same 
direction. Under normal conditions (i.e. negatively charged capillary surface), the 
flow is from the anode to the cathode. Anions will be flushed towards the cathode 
since the magnitude of the flow can be greater than their electrophoretic mobilities. 
Thus cations, neutrals and anions can be electrophoresed in a single run since they all 
"migrate" in the same direction. The cations migrate the fastest since the 
electrophoretic attraction towards the cathode and the EOF are in the same direction. 
Neutrals are all carried at the velocity of the EOF but are not separated from each 
other, and anions migrate slowest since they are attracted to the anode but are still 
carried by the EOF towards the cathode (Figure 2.1.5). 
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Figure 2.1.5: Differential Solute Migration Superimposed on Electroosmotic Flow 
Another feature of EOF in the capillary is the flat profile of the flow. Since 
the driving force of the flow is uniformly distributed along the capillary (i.e. at the 
walls) there is no pressure drop within the capillary, and the flow is nearly uniform 
throughout. The flow is flat comparing to that generated by an external pump that 
yields a laminar or parabolic flow due to the sheer force at the wall (Figure2.1.6). 
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Figure 2.1.6: Flow Profiles of EOF in CE and Parabolic Flow in HPLC 
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2.1.2 Electrophoretic Migration 
Electrophoretic migration is the movement of charged molecules under the 
influence of an applied electric field. The cations move to the cathode and the anions 
to the anode, where the electric field is simply a function of the applied voltage and 
the capillary length. For a given medium, the electrophoretic mobility is a constant 
and is determined by the electric force (FE) that the ion experiences, balanced by its 
frictional drag (FD) through the medium (Figure2.1.7). The electric force and the 
frictional force are given by: 
FE = qE, 
Fd 二 -67rnrV 
where 
q = ion charge, rj = solution viscosity, r = ion radius, V = ion velocity 
- — — ^ ― — — — ^ • - • I I I I 
E 
Cathode Anode 
Figure 2.1.7: Schematic Diagram of Electric Force and Drag Force on an Ion 
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During electrophoresis, these two faces become equal but opposite and thus 
qE = 6nr\vY 
The velocity of an ion can be determined by: 
where 
V = ion velocity, jJe = electrophoretic mobility，E = applied electric field 
Solving for the ion velocity (V) yields an equation that expresses the mobility 
in terms of physical parameters: 
^e=q/(6Tcr|r) 
From this equation it is evident that in solutions of equal viscosities, small 
and highly charged species have high mobilities whereas large and minimally 
charged species have low mobilities. 
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2.2 Reagents and Materials 
2.2.1 Reagents and Glassware 
Ginsenosides Rbi, Rb!，Rc, Rd, Re, Rf and Rgi standards were used for the 
analysis in this study. Ginsenosides R b � a n d Rf standards with 98% purity were 
purchased from France (Extrasynthese, Genay, France) where ginsenosides Rc and 
Rd with purity of 98% were bought from Japan (Wako Pure Chemical Industries, 
Ltd., Japan). Ginsenosides Rbi, Re and Rgi, with purity >90%, were purchased from 
China (National Institute for the Control of Pharmaceutical and Biological Products, 
Tiantan, Beijing, P.R. China), HPLC grade methanol and acetonitrile were used for 
studying the effect of organic modifier. Ultra-pure deionized water (with filtered and 
low-pressure reverse osmosis) was used in preparation of the buffer solutions as well 
as for flushing the capillary. All glasswares were washed thoroughly with ultra-pure 
deionized water before use. Most of the glasswares used were dried in an oven 
except volumetric flasks, which were dried using a Nelldom Dryer at room 
temperature. Sodium cholate, sodium dodecyl sulfate and P-cyclodextrin were 
purchased from Acros (New Jersey, USA), Riedel-deHaen (AG, Seelze, Germany) 
and Sigma (St. Louis, MO, USA), respectively. 
2.2.2 Instrumentation 
The Hewlett-Packard HP ^^Capillary Electrophoresis system (Figure 2.2.1) 
was used for the separation and the analysis of the seven ginsenosides. It consists of 
a variable voltage (0 to 30 kV) power supply, an on-capillary photodiode array (190 
2 0 
to 600 nm) detector, a capillary cassette and an air thermostatting system. The 
instrument polarity was set at positive, that is, the inlet electrode was anode whereas 
the outlet electrode was cathode. Pressure injection was used throughout the 
experiment. During electrophoresis, the temperature of the capillary cassette was 
maintained by bathing the cassette in an air thermostatting system. All data were 
acquired and subsequently processed by the HP 3D-CE Chemstation software. 
Capillary 
thermostatt ing 
Vial carousel (thermostatted) 
Buffer replenishment 
m l ^ f e 
B c 
Figure 2.2.1: Schematic Diagram of the Hewlett-Packard HP System 
The Hewlett-Packard HP system is equipped with an uncoated fused 
silica capillary (Polymicro Technologies Inc, Phoenix, Arizona, USA) of total length 
of 80.5 cm and an effective length of 72 cm. The detector window was made by 
fusing the capillary at the corresponding position (8.5 cm from the outlet end of the 
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capillary). The fused polyimide was first removed by methanol and then cleaned by 
ultra-pure deionized water. The capillary was installed into the cassette by winding 
the long end on the mandrel. It was noted that the detection window was extremely 
fragile after the removal of polyimide so that capillary segment should be covered 
with an alignment interface. 
2.2.3 Preparation of the Solution and Wavelength Selection 
Borate and phosphate solutions were prepared individually by dissolving 
appropriate amount of chemicals in volumetric flasks. And a borate/phosphate 
solution was prepared by mixing borate and phosphate solutions together. A pH 
meter was used for pH measurement calibrated with three-point calibration, using 
standard pH 4.00，pH 7.00 and pH 10.00 buffer solutions. 
Photodiode array detector with an absorption range from 190 nm to 600 nm 
was used. The UV spectrum of 200 nm and a bandwidth of 16 nm was selected for 
the analysis of ginsenosides. To minimize the background interference, a wavelength 
of 380 nm with bandwidth of 100 nm was chosen as a reference spectrum. 
Standard solutions of ginsenosides were prepared by dissolving a weighed 
amount of ginsenoside standards (Table 2.2.1) into a 1-ml volumetric flask. To 
protect the blocking of the capillary due to impurities, each solution was filtered by 
0.45 |j.m PTFE syringe filters prior to injection into the capillary. 
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Table 2.2.1: Weight of Ginsenosides Used for the Analysis 
2.3 Procedures 
Prior to use a new capillary was first washed with 1 M sodium hydroxide 
solution for 10 minutes and followed by washing with deionized water for 20 
minutes. Before the start of the first experiment of the day，the capillary was again 
washed with 1 M sodium hydroxide solution, followed by deionized water, and 
finally with the electrolyte medium solution for 10 minutes each. To insure a more 
precise result, a total of three consecutive and identical analyses were performed, and 
the capillary was flushed with the electrolyte medium (i.e. buffer solution) for 10 
minutes between analyses to ensure the environment was fully reconstituted in each 
experiment. When changing the content of the electrolyte, the capillary was first 
washed with 1 M sodium hydroxide solution, followed by water to insure that the 
surface of the capillary wall is impurity-free. To prevent the precipitation of 
electrolyte, which could cause a blockage, the capillary was washed with 1 M 
sodium hydroxide solution and then by deionized water for 10 minutes, respectively, 
at the end of each day. 
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Chapter 3: Results and Discussions 
3.1 Initial Selection of the Running Electrolyte 
The flow rate of the EOF was controlled by a number of factors, for instance, 
the inner diameter of the capillary, the applied voltage, and the temperature of the 
capillary during separation. However, the composition of the buffer solution plays 
the most important part in the control of EOF. Thus, the selection of a suitable buffer 
is very important. 
Generally, an appropriate buffer should provide the ionic strength necessary 
for electrical continuity, besides, being able to remain stable at different temperatures 
and dilutions. Moreover, it should have no negative effect on the separation. Another 
requirement in this study is that, since ginsenosides absorb at the UV region from 
200 nm to 220 nm, the buffer solution selected for use should have low absorbance, 
if any, particular at this wavelength region. Since borate buffer and phosphate buffer 
possesses low variation of pH in response to changes in dilution and temperature, 
mixtures of the two solutions serve as a good buffer solution for capillary 
electrophoresis. The table below shows some of the features of the two buffer 
solutions (Table 3.1.1). 
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Buffer pH at 25°C Dilution value^ Temperature Coefficient^ 
25 mM KH2PO4 6.865 0.08 -0.0028 
10 mM Na2B4〇7 9.180 0.01 -0.0082 
Table 3.1.1: Characteristics of the Buffer Solutions 
apH change upon 50% dilution 
^Change in pH per °C 
Borate/phosphate solutions of different pH values used in this project were 
prepared by titrating phosphate solution with borate solution. Thus, a 20 mM 
borate/phosphate was prepared by titrating 20 mM phosphate solution with 20 mM 
borate solution to reach the required pH. 
The borate/phosphate solution was applied first to test whether a good 
separating performance could be obtained. The other experimental parameters for 
this scouting approach are as follows: 
1. Capillary type: bare fused silica capillary with total length of 80.5 cm, an 
effective length of 72 cm and an inner diameter of 50 \im 
2. Applied voltage: 20 kV 
3. Detection wavelength: 200 run, bw = 16 nm. Reference wavelength: 380 run, 
bw = 100 nm 
4. Injection mode: 1.5 seconds with 50 mbar hydrostatic injection 
5. Temperature: 35°C 
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Borate/phosphate solutions in concentrations from 10 mM to 50 mM and pH 
ranging from 7.00 to 9.00 were used for studying the separation behavior. Buffer 
solutions at pH lower than 7.00 were not used for analysis to prevent acid hydrolysis 
of ginsenosides. One of the electropherograms was shown below (Figure 3.1.1). 
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Figure 3.1.1; Electropherogram for the Analysis of Ginsenosides. Buffer Used: 40 
mM Borate/Phosphate Solution at pH 9.00 
From the electropherogram above, it was obvious that instead of seven, only 
few major peaks were observed, The illustrated electropherogram was obtained by 
using a 40 mM borate/phosphate solution at pH 9.00 as the running electrolyte. In the 
electropherogram, the signal with the retention time of 8.479 minutes was the peak of 
the EOF, also known as the injection/system peak, whereas, the signals with 
migration times of 9.038 and 9.615 minutes represent the peaks of the unseparated 
ginsenosides. In other electropherograms using borate/phosphate solution as the 
electrolyte medium, similar results were observed. By comparing the migration 
times of the injection peaks and the peaks of the unseparated ginsenosides, very little 
difference could be observed. It was noted that all seven ginsenosides (Rbi, Rb�’ Rc, 
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Rd, Re, Rf and Rgi) possess only one or two hydroxyl groups in their ring skeleton, 
which in alkali medium would show weak or null anionic properties. As a result, the 
charge-to-mass ratio is similar for each of these ginsenosides, and they migrate at 
similar rates following the EOF. Since the ginsenosides were not well separated, 
another approach was required. 
Apart from studying the separation performance, the influence on migration 
time by the buffer concentration was also investigated. A graph showing the 
migration time against concentration of borate/phosphate buffer at pH 8.50 was 
plotted (Figure 3.1.2). 
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Figure 3.1.2: Effect of the Borate/Phosphate Solution to the Migration Time of the 
Peaks 
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The results showed that at higher concentration the borate/phosphate 
increased the migration time, which could be explained by the zeta potential ( 0 [ 36 ], 
G 二 47i:5e/s 
where 
s = the buffer dielectric constant, e 二 total excess charge in solution per unit area and 
5 = the double layer thickness 
The double layer thickness (5) under normal condition can be expressed as [37]， 
5 = (3x 10-8) / (11/2) 
where 
I = ionic strength of the electrolyte 
The ionic strength of the buffer can be expressed as, 
I 二（l/2)zC 
where 
z = charge number of the buffer and C 二 concentration of the buffer 
From the equations above it was concluded that increasing the buffer 
concentration would increase the ionic strength, yet the zeta potential and the EOF 
would decrease. As a result, the migration time would be longer. 
2 8 
3.2 Inclusion Additives in the Aqueous Buffer Solution 
3.2.1 Reasons for Addition of Buffer Additives 
Although capillary electrophoresis is a powerful method for the separation of 
charged molecules, this method does not readily separate uncharged species. One of 
the approaches to overcome such a problem is the addition of buffer additives. Since 
the analytes may interact (e.g. complex formation, micelle interaction) with these 
buffer additives at different extent, and through these kinds of interaction, the 
migration rates of analytes could be altered and thus might be separated. For 
capillary electrophoresis, buffer additives commonly used for separation include 
linear polymer, chelating agents and surfactants. In the present work, three different 
buffer additives were introduced with an objective to separate the uncharged 
ginsenosides. 
3.2.1.1 Cyclodextrin 
Cyclodextrins (CD) are cyclic oligosacchardies consisting of six, seven or 
eight glucose units, known as a - , /3- and j -cyclodextrin, respectively (Figure 3.2.1). 
CD form a truncated cone with a rim of secondary hydroxyl groups at the open end 
with a larger diameter. The internal cavity contains no hydroxy functions and 
exhibits a hydrophobic character. Cyclodextrins are therefore hydrophobic and they 
are able to form inclusion complexes with aromatic or alkyl structures. 
2 9 
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Figure 3.2.1: Chemical Structure of Beta-Cyclodextrin 
In this study, /3 -cyclodextrin was selected for study to determine the 
separating performance of ginsenosides. The initial approach was to prepare a mixed 
solution of borate/phosphate buffer and /5 -cyclodextrin solution (1:1). However, it 
turned out that /5 -cyclodextrin was insoluble in deionized water. In order to prepare 
a solution of ^ -cyclodextrin, organic solvent was introduced to enhance the 
solubility. Thus solvent systems containing methanol/water or acetonitrile/water were 
attempted to dissolve /3 -cyclodextrin. It was found that only a limited amount of /5 -
cyclodextrin (25 mM and 30 mM) could be dissolved in a mixed solvent of 
acetonitrile/water (30:70). 
With the other experimental parameters remained unchanged, preliminary 
runs to test how the addition of /5 -cyclodextrin affects the separation performance 
were conducted by using solutions of 20 mM borate/phosphate solution at different 
pH levels, mixed with 25 mM 冷-cyclodextrin solution (dissolved in 30% 
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Figure 3.2.2: Electropherogram for the Separation of Ginsenosides: 20 mM 
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Figure 3.2.3: Electropherogram for Separation of Ginsenosides: 20 mM 
Borate/Phosphate Solution at pH 9.00 with the Addition of 25 mM Beta-
Cyclodextrin 
The results showed that all ginsenosides were eluted at about 10 minutes with 
no appreciable separation. In view of the unsuccessful separation using 25 mM 冷-
cyclodextrin solution, an increased concentration (30 mM) was attempted (Figures 
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Figure 3.2.4: Electropherogram for the Separation of Ginsenosides: 20 mM 
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Figure 3.2.5: Electropherogram for the Separation of Ginsenosides: 20 mM 
Borate/Phosphate Solution at pH 9.00 with the Addition of 30 mM Beta-
Cyclodextrin 
From the above electropherograms, it was clear that the ginsenosides could 
not be separated. When comparing the migration times of the unseparated peak with 
those using borate/phosphate alone as the running buffer, their values were somewhat 
similar. Thus, it was concluded that the separation of ginsenosides using solution of 
borate/phosphate and /3 -cyclodextrin as the running buffer was unsuccessful. 
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3.3 Addition of Surfactants 
Since the use of inclusion complex failed to separate the reference 
ginsenosides, the approach to use surfactants in the borate/phosphate solution was 
attempted. 
Surfactants are molecules comprising long hydrophobic "tails" and polar 
“head groups". One of the most important characteristics of surfactants in aqueous 
solution is the formation of micelles. At low concentration, surfactants usually exist 
as long chains. However, when the concentration reaches a certain level, the 
hydrophobic tails which are not solvated in aqueous solution will gather together 
with increasing probability, and eventually form a spherical shape in which the inner 
part is hydrophobic whereas the outer part is covered with hydrophilic polar heads. 
This aggregate is known as a micelle and the minimum concentration fot theis 
formation is referred to the critical micelle concentration (CMC). 
There are several types of surfactants commonly used for separation in 
capillary electrophoresis. They are anionic, cationic, non-ionic, zwitterionic 
surfactants and bile salts as shown in the table (Table 3.3.1). [37 
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Surfactant CMC (mM) 
Anionic Sodium dodecyl sulfate (SDS) 8.2 
Decytrimethylammonium bromide 
Cationic (DTAB) 14 
Ctyltrimethylammonium bromide 
(CTAB) 1.3 
Non Ionic Octylglucoside / 
n-Dodecyl- /3 -D-maltoside o.l6 
Triton X-100 0.24 
3 [(3-Cholamidopropyl) 
^ . . . dimethylammoniolpropanesulfonic � 
Zwitteriomc acid (CHAPS) ^ 
3-[(3-Cholamidopropyl) 
dimethylammonio]-2-
hydroxypropanesulfonic acid 8 
(CHAPSO) 
Bile Salt Cholic acid 14 
Deoxycholic acid 5 
Taurocholic acid 10-15 
Table 3.3.1: Surfactants for Capillary Electrophoresis 
For anionic surfactants, the polar heads of the micelle formed are negatively 
charged and they are solvated in aqueous medium. Molecules with low solubilities in 
aqueous solution such as ginsenosides will frequently be dissolved in the micelle 
through a hydrophobic interaction with the surfactant. Thus when the outlet electrode 
is the cathode, an applied electric field will cause anionic micelles to migrate towards 
3 4 
the anode whereas cationic micelles will migrate towards the cathode. Assuming 
ginsenosides possess different interaction with the surfactant, their migration times 
will be different and thus can be separated. The interaction between a slightly soluble 
solute and the micelles in aqueous solution under the influence of an electric field is 
shown below (Figure 3.3.1). 
華 一 
Figure 3.3.1: Illustration of the Micelles Being Swept towards the Cathode by the 
EOF While the Micelle was Attracted by the Anode 
3.3.1 Sodium Dodecyl Sulfate (SDS) 
Because the polarity of the capillary electrophoresis system set in this 
experiment is positive, that is, with the outlet electrode being cathodic, an anionic 
surfactant should be chosen in order to slow down the EOF of the analytes. Thus 
sodium dodecyl sulfate (SDS) was tried. 
To study how the surfactant affects the separating performance we started 
with the effect of concentration. The trial buffers were mixtures of 20 mM 
borate/phosphate solution at pH 8.50 and SDS (1:1) with concentration ranging from 
50 mM to 0.20 M. The respective electropherograms and the graph showing 
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Figure 3.3.2: Separation of Ginsenosides in Solution of 20 mM Borate/Phosphate 
Solution at pH 8.50 and 75 mM SDS 
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Figure 3.3.3: Separation of Ginsenosides in Solution of 20 mM Borate/Phosphate 
Solution at pH 8.50 and 0.15 M SDS 
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Figure 3.3.4: Migration Time Versus the Concentration of SDS with 20 mM 
Borate/Phosphate Solution at pH 8.50 
As observed from the electropherograms, the separating performance using 
SDS was better than that of (3 -cyclodextrin. Also, unlike the result of /3 -
cyclodextrin, the unseparated ginsenosides migrated much slower than the injection 
peak and thus the peaks of ginsenosides and injection could be readily distinguished. 
Such results were expected, because one of the functions of surfactants is to slow 
down the migration time of the analytes. Nevertheless, the ginsenosides were not 
well separated, and only two to three peaks were observed under most conditions. 
From Figure 3.3.4，it was obvious that as the concentration of SDS was 
increased, the times for both the injection peak and unseparated ginsenosides to pass 
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the detector were increased as well. It may due to an increased interaction between 
the micelle aggregates and ginsenosides. Since SDS is anionic, it would take a longer 
period of time for them to migrate to the negative-end outlet electrode. Besides, as 
SDS possesses a rather sticky property after being dissolved in an aqueous medium, 
an increase of concentration would result in an increase of viscosity of the solution, 
leading to a longer migration time for EOF and the solutes. 
To examine whether a change of the concentration or pH values of the 
borate/phosphate buffer would improve the separating performance, a series of 
experiments were conducted by changing either the borate/phosphate buffer 
concentration or the buffer pH. Results are shown below (Figures 3.3.5 to 3.3.8). 
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Figure 3.3.5: Separation of Ginsenosides Using 20 mM Borate/Phosphate Solution 
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Figure 3.3.8: Separation of Ginsenosides Using 30 mM Borate/Phosphate Solution 
and 75 mM SDS 
From these results, it was noted that changes on either the buffer 
concentration or on the buffer pH could not improve the separation performance. 
Thus, it was concluded that the pH，and the concentration of the buffer were not the 
determining factors in the separation of ginsenosides. 
When investigating how the buffer pH affects the migration time of the 
injection peak (EOF), it was noted that when the pH of the buffer solution was 
increased, the time of migration of the peaks was reduced. This phenomenon is due 
to the fact that at higher pH, more silanol groups on the capillary tube become 
ionised, thus generating a stronger zeta potential. As a result, the EOF was enhanced, 
leading to a faster migration. 
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Since the overall separating performance using SDS were unsatisfactory, we 
turned to sodium cholate, another type of surfactant. 
3.3.2 Sodium Cholate 
Sodium cholate Belongs to the family of bile salts, the structure of which is 
shown below (Figure 3.3.9). The molecular structures of sodium cholate micelle 
aggregates and SDS aggregates are also different in such a way that the interior of 
the sodium cholate micelle aggregates are less hydrophobic than SDS [36]. Sodium 
chelate micelle aggregates are therefore useful for the separation of solutes that 





Figure 3.3.9: Structure of Sodium Cholate 
The trial run using sodium cholate as the buffer additive was a mixed solution 
of 20 mM borate/phosphate at pH 8.50 and 50 mM sodium cholate (1:1). The 
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Figure 3.3.10: Separation of Ginsenosides in Solution of 20 mM Borate/Phosphate 
at pH 8.50 and 50 mM Sodium Cholate 
From the above electropherogram, it was observed that, in addition to the 
EOF signal，six other peaks were present, suggesting that six of the reference 
ginsenosides were separated. Since sodium cholate seemed to be a promising 
additive agent as compared to SDS and CD, further investigations were conducted. 
The first experiment was to determine how the concentration of sodium 
cholate affects separation performance. Solutions of 20 mM borate/phosphate at pH 
8.50 and sodium cholate in the concentration range of 50 mM to 0.20 M were used. 
A graph showing the migration times of ginsenosides against the concentration of 
sodium cholate was plotted. (Figure 3.3.11) 
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Graph 3.3.11: Migration Time Versus Concentration of Sodium Chelate Mixed with 
20 mM Borate/Phosphate Solution at pH 8.50 
From the above graph, it was clear that higher concentrations of sodium 
chelate prolong the migration time of the ginsenosides. However, the seven 
ginsenosides were not well separated. It followed that some other modifications 
might be needed. 
3.4 Organic Modifier 
Addition of organic modifier (e.g. methanol, ethanol or acetonitrile) can 
change the polarity of the aqueous media. As a result, the partition coefficient of the 
ginsenosides may be altered and the unseparated compound might have a chance to 
separate from each other. To study the effect of organic modifier on the separation 
performance, running buffers of mixtures of borate/phosphate solution and sodium 
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chelate of 0.15 M (dissolved in methanol ranging from 0 to 30% in volume) were 
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Figure 3.4.1: Separation of Ginsenosides in Solution of 20 mM Borate/Phosphate at 
pH 8.50 and 0.15 M Sodium Chelate (Dissolved in 30% Methanol) 
To illustrate the relationship between migration time and organic modifier 
concentration, a graph was plotted as follows (Figure 3.4.2) 
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Figure 3.4.2: Effect of Methanol on the Migration Time of Ginsenosides (20 mM 
Borate/Phosphate Solution at pH 8.50 and 0.15 M Sodium Cholate Solution) 
From the above graph, it is obvious that the migration times of both the 
ginsenosides and the EOF peak were prolonged with increasing concentration of 
methanol in the sodium cholate solution. This effect is because the organic modifier 
added (i.e. methanol) interacts strongly with the capillary wall, resulting in an 
increase of viscosity within the double layer of the capillary wall [37,38], which in 
turn leads to a slower flow rate. From the electropherograms, it was observed that the 
peak resolution was the best at 30% methanol. As a result, sodium cholate solution 
containing 30% methanol was chosen for study throughout the rest of the project. 
An examination of the electropherogram with the running buffer of 0.15 M 
sodium cholate solution containing 30% methanol revealed that all seven 
ginsenosides could be separated, in the order of ginsenoside Re, ginsenoside Rgi, 
ginsenoside Rf, ginsenoside Rbi，ginsenoside Rbi, ginsenoside Rc and finally 
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ginsenoside Rd. the separation is clustered in three groups: the first group includes 
ginsenosides Re and Rgi，the second group consists ginsenoside Rf alone and the 
third group consists ginsenosides Rbi, Rb2, Rc and Rd. This migration pattern can be 
correlated to the structural differences among these compounds. Ginsenosides Re, 
Rgi and Rf are members of 20(S)-protopanaxatriols. For ginsenosides Re and Rgi, 
their structures differ only by the attached sugar moieties, accounts for their 
possessing similar solubility and interactions with the micelle, and which can 
consequently migrate at similar rates. Although ginsenoside Rf also belongs to the 
20(S)-protopanaxatriols, it is more hydrophobilic than those of Re and Rgi. As a 
result, ginsenoside Rf migrated slower than Re and Rgi. On the other hand, 
ginsenosides Rbi, Rb�，Rc and Rd belong to the family of 20(S)-protopanaxadiols. 
Unlike the 20(S)-protopanaxatriols, the 20(S)-protopanaxadiols have only one 
hydroxyl group attached to the steroid skeleton, leading to a greater hydrophobicity. 
As a result, they would migrate slower than the 20(S)-protopanaxatriols. It should 
also be noted that as ginsenosides Rb2 and Rc have an identical mass, their charge-to-
mass ratio would be extremely similar and therefore they migrated closely together. 
3.5 Effect ofpH 
After deciding the use of sodium cholate as the surfactant for the separation 
of ginsenosides, investigations on how the pH of the borate/phosphate solution 
would affect the migration time were conducted. In this project, solutions of 
borate/phosphate solution at different pH (ranging from 7.00 to 9.00) and different 
sodium cholate concentrations (ranging from 50 mM to 0.20 M dissolved in water : 
methanol (70:30)) were used. The results of migration time versus pH were plotted 
(Figures 3.5.1 to 3.5.7). 
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Figure 3.5.1: Migration Time Versus pH of 20 mM Borate/Phosphate Solution with 
50 mM Sodium Cholate Solution Dissolved in 30% Methanol 
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Figure 3.5.3: Migration Time Versus pH of 20 mM Borate/Phosphate Solution with 
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Figure 3.5.5: Migration Time Versus pH of 30 mM Borate/Phosphate Solution with 
50 mM Sodium Chelate Solution Dissolved in 30% Methanol 
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Figure 3.5.7: Migration Time Versus pH of 30 mM Borate/Phosphate Solution with 
0.20 M Sodium Cholate Solution Dissolved in 30% Methanol 
From these graphs, it was obvious that the migration times generally 
decreased from pH 7.00 to 8.50 and rise again at pH 9.00. It was concluded that, for 
the separation of ginsenosides, the pH might not be a determining factor. Rather it 
was the choice of surfactant and its concentration that plays a more significant role. 
Examination of the above graphs also showed that at any concentration of the 
borate/phosphate, migration was the fastest at either pH 8.00 or 8.50. However, the 
signals of ginsenosides Rb! and Rc almost overlapped. On the other hand, 
ginsenosides Rb: and Rc could be separated at pH 7.50. Borate/phosphate solution of 
pH 7.50 was therefore selected for further analysis. 
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The above experiments also indicated that increasing the sodium chelate 
concentration would lead to a slower migration rate. However, the separation 
performance did not improve as a result of increasing cholate concentrations; at 0.20 
M sodium cholate, ginsenosides Re and Rgi could not be separated. Under the 
condition of 75 mM sodium cholate solution, the peaks of ginsenosides Rbi, Rbz, Rc 
and Rd were so broad that they overlapped. In order to avoid these undesirable 
results, the sodium cholate concentration was set at 0.15 M，a t which the best 
resolution could be obtained. 
3.6 Effect of the Concentration of the Borate/Phosphate Solution 
To study the effect of the concentration of the borate/phosphate on the 
migration time as well as the separation performance of the ginsenosides, running 
buffers containing borate/phosphate in concentrations ranging from 10 mM to 50 
mM at pH 7.50，and sodium cholate solution (dissolved in 30% methanol) of 
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Figure 3.6.3: Migration Time Versus Concentration of the Borate/Phosphate 
Solution at pH 7.50 Mixed with 0.15 M Sodium Cholate Solution 
Unlike the effect of pH on the migration, the increasing concentration of the 
borate/phosphate solution prolongs the migration time of the ginsenosides. It was 
determined that a running buffer containing 30 mM borate/phosphate led to the best 
resolution of ginsenoside peaks. As a result, borate/phosphate solution of 30 mM 
concentration was chosen as the optimal concentration. 
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3.7 Effect of Capillaries with Different Inner Diameters (I.D.) 
Apart from the concentration of the borate/phosphate solution, the choice of 
the buffer additives, the additive concentration and the addition of organic modifier, 
the inner diameter (i.d.) of the capillary might also influence the separation 
performance in capillary electrophoresis. Thus, a series of experiments were carried 
out using 75 i^m i.d. capillaries instead of 50 i^m i.d. as reported in the previous 
experiments. The experimental parameters chosen were as follows: 
1. Applied voltage: 20 kV 
2. Detection wavelength: 200 nm, bw 二 16 nm. Reference wavelength: 380 nm, 
bw 二 100 nm 
3. Injection mode: 1.5 seconds with 50 mbar hydrostatic injection 
4. Temperature: 35 
3.7.1 Effect ofpH 
The initial running buffers contained borate/phosphate buffers at various pH 
values, sodium cholate (dissolved in 30% methanol) of concentration ranging from 
50 mM to 0.20 M. The results of the migration time of peaks versus pH of the 
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Figure 3.7.5: 30 mM Borate/Phosphate Solution with 0.15 M Sodium Chelate 
Solution Dissolved in 30% Methanol 
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Similar to the results obtained when using a capillary of 50 i^m i.d” there was 
no significant difference using borate/phosphate solution at various pH of. Where 
ginsenosides Rb) and Rc could be separated only at pH 7.50 
A series of experiments using borate/phosphate and sodium cholate solution 
of different concentrations were conducted, and the results are shown in Figures 
3.7.7 to 3.7.10. 
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Figure 3.7.8: 10 mM Borate/Phosphate Solution with 0.15 M Sodium Cholate 
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Figure 3.7.9: 40 mM Borate/Phosphate Solution with 0.15 M Sodium Cholate 
Solution Dissolved in 30% Methanol 
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Figure 3.7.10: 50 mM Borate/Phosphate Solution with 0.15 M Sodium Cholate 
Solution Dissolved in 30% Methanol 
From the above graphs, it was noted that the migration order of ginsenosides 
remained the same despite changes in borate/phosphate buffer concentration and pH. 
3.7.2 Effect of the Buffer Concentration 
To investigate whether the concentration of the borate/phosphate solution 
would cause any effect on the migration time, a range of 10 to 50 mM buffers were 
used. A graph of migration time against buffer concentration with 0.15 M sodium 
cholate was plotted (Figure 3.7.11). 
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Figure 3.7.11: Migration Time Versus Concentration of Borate/Phosphate Solution at 
pH 8.50 with 0.15 M Sodium Cholate Solution Dissolved in 30% Methanol 
Similar to the results obtained when using 50 jam capillary, the migration 
times of the ginsenosides slightly increased as the concentration of the 
borate/phosphate solution increased. 
Based on the experimental results obtained so far, the separation conditions of 
the running buffer and the capillary were optimized as follows: 
1. Running buffer: 30 mM borate/phosphate solution 
2. pH: 7.50 
3 • Surfactant: 0.15 M sodium cholate dissolved in 30% methanol 
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4. Capillary type: bare fused silica capillary with total length of 80.5 cm, effective 
length of 72 cm and inner diameter of 50 \xm 
3.7.3 Comparison of Migration Times between Capillaries of 50 pm and 75 i^m 
Inner Diameter 
To further compare the migration times of the peaks between 50 jjm and 75 
i^m capillaries, identical conditions using 20 mM buffer solution at pH 7.50 at 
various concentrations of sodium cholate were investigated. Results are shown in 
Figure 3.7.12. 
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in the Graph Represent the Results of Using a Capillary of 75 jim i.d. 
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The dotted lines in the graph above represented the results of using a capillary 
of 75 jim i.d., whereas the solid lines referred to those using a capillary of 50 [im i.d.. 
While similar migration order was observed in both capillaries, the migration times 
of the analytes using 75 jim i.d. were significantly shorter. Similar results were 
obtained under the condition of 30 mM borate/phosphate solution. 
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Graph 3.7.13: Comparison of Different Inner Diameters of the Capillary with the 
Running Buffer of 30 mM Borate/Phosphate Solution at pH 7.50. The Dotted Lines 
in the Graph Represent the Results of Using a Capillary of 75 |im i.d. 
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From the above graph (Figure 3.7.13)，it can be seen that, when 30 mM 
borate/phosphate solution was used, the analytes migrated faster in the 75 i^m i.d. 
capillary. Additionally, the peak heights of the analytes were also higher in the case 
of 75 Jim i.d. capillaries. 
This phenomenon could be explained by the concept of Joule heating [37]. 
When a current passes along a capillary, heat is generated via frictional collision 
between the migrating ions and buffer molecules. The temperature difference in the 
buffer between the center and the wall of the capillary could be expressed as 
AT 二 0.24(Wr2) / (4K) 
where 
W = power, r = capillary radius and K 二 thermal conductivity of the buffer, capillary 
wall and polyimide coating 
Thus, under a fixed applied voltage, as the inner diameter of the capillary 
increased, the temperature difference between the center and the wall of the capillary 
would also be increased. The increase of temperature inside the capillary would 
cause an increase in the rates of kinetic process leading to a decrease of the viscosity 
of the buffer, which would move at a faster rate, and as a result, the analytes are 
eluted faster. 
As far as the increase of the peak heights is concerned, it was because an 
increase of the capillary's inner diameter leads to an increase of surface area. As a 
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result, the volume of the buffer/analytes that passed through the detection window 
would be greater and the height, as well as, the area of the corresponding peaks 
would be larger. Since the use of 75 i^m i.d. capillary brought about a shorter time of 
migration and easier recognition of the ginsenoside peaks, this capillary was selected 
for subsequent analysis of ginsenosides. 
3.8 Optimization of Other Experimental Parameters 
After optimizing the composition of the buffer solution, i.e. 30 mM 
borate/phosphate buffer at pH 7.50, and 0.15 M sodium chelate (dissolved in 30% 
methanol), the next step was to determine other parameters, such as the applied 
voltage, the time of injection, and the operating temperature. 
3.8.1 Applied Voltage 
Since the migration rate of the buffer and analytes depends on the potential 
difference between the inlet electrode and outlet electrode, a variation of the applied 
voltage during the process of electrophoresis will cause a change of migration time 
of the solute as well as the EOF. Thus with the running buffer and other parameters 
fixed, experiments were conducted at different voltages. The results are shown in 
Figure 3.8.1. 
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Figure 3.8.1: Effect of the Applied Voltage on the Migration Time. Running Buffer: 
30 mM Borate/Phosphate Solution at pH 7.50, 0.15 M Sodium Cholate (30% 
Methanol). Capillary i.d.: 75 |im 
From the above graph, it was clear that increasing the voltage would enhance 
the EOF and thus leads to a shorter time of migration for all ginsenosides. While an 
applied voltage of 30 kV will result in the shortest time of migration, it would also 
cause the generation of excessive ohmic or Joule heating [39]. An excess of Joule 
heating would cause problems due to thermal gradients across the capillary, and a 
poor resolution among the peaks would result. There is a literature report [36] 
suggesting that it would be most desirable to keep the operating current below 100 
I^ A to avoid too much heat being generated. When the voltage was set at 30 kV, it 
was observed that the operating current was already 110 [lA. Subsequently, a voltage 
of 25 kV, was chosen which the operating current was about 80 jiA. 
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3.8.2 The Time of Injection 
Neither the EOF nor the temperature gradient of the capillary would be 
affected by the time of injection [39]. Rather, it was the sample volume injected and 
the peak width that were affected. An excessive time of injection would cause an 
overloading of samples. Figures 3.8.2 to 3.8.5 show the separation of ginsenosides at 
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Figure 3.8.2: Separation of Ginsenosides in Solution of 20 mM Borate/Phosphate 
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Figure 3.8.3: Separation of Ginsenosides in Solution of 20 mM Borate/Phosphate 
Solution at pH 7.50 and 0.15 M Sodium Cholate Solution (30% Methanol). Injection 
Time: 1.0 sec 
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Figure 3.8.4: Separation of Ginsenosides in Solution of 20 mM Borate/Phosphate 
Solution at pH 7.50 and 0.15 M Sodium Cholate Solution (30% Methanol). Injection 
Time: 1.5 sec 
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Figure 3.8.5: Separation of Ginsenosides in Solution of 20 mM Borate/Phosphate 
Solution at pH 7.50 and 0.15 M Sodium Cholate Solution (30% Methanol). Injection 
Time: 2.0 sec 
From the above electropherograms, it was clear that varying the time of 
injection did not affect the migration times of ginsenosides to any significant extent. 
Rather, it was the peak width that was affected. With an injection time of 1.5 seconds, 
the peak widths of ginsenosides were broadened, and ginsenosides Rbi and Rb? 
nearly merged together. Although ginsenoside Rd did not overlap with other peaks, 
its shape was broad comparing with the results obtained at shorter injection time. 
Thus it is concluded that the time of injection should not exceed 1.5 seconds. 
Throughout this work, injection time of 1.0 second was selected because the peak 
widths and peak heights of the ginsenosides were the best when compared with other 
injection time. 
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3.8.3 The Operating Temperature 
To investigate how the operating temperature affects the migration time as 
well as the separating performance of ginsenosides, a series of experiments at 
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Figure 3.8.6: Effect of the Operating Temperature on the Migration Time. Running 
Buffer: 30 mM Borate/Phosphate Solution at pH 7.50, 0.15 M Sodium Chelate (30% 
Methanol). Capillary i.d.: 75 i^m 
An increase of the operating temperature would decrease the migration time 
of ginsenosides. However, when the operating temperature exceeded 40°C, the peaks 
of ginsenosides became so close that they overlapped. Besides, when the operating 
temperature was increased, the amount of Joule heat generated would be large and 
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finally the flow profile of the EOF would behave like the parabolic flow in HPLC, 
which was undesirable in capillary electrophoresis. Taking into consideration of the 
separation efficiency of the ginsenoside peaks, an operating temperature of 35�C was 
chosen for the separating process. 
3.9 Intra-day and Inter-day Reproducibility 
Based on the above discussions, the conditions for the analysis of 
ginsenosides using capillary electrophoresis were optimized as follows: solution of 
30 mM borate/phosphate solution at pH 7.50 and 0.15 M sodium cholate (dissolved 
in 30% methanol), 25 kV applied voltage, operating temperature at 35�C, and 
hydrostatic injection of sample for 1.0 second. Separation was performed in a bare 
fused capillary of 75 jim i.d.. The total length of the capillary was 80.5 cm, with an 
effective length of 72 cm. 
After these conditions were fixed, analysis was repeated 6 times to define the 
intra-day reproducibility. Results are shown in Table 3.9.1. 
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Table 3.9.1: Intra-Day Reproducibility 
P ^ A v e r a g e migration time Standard deviation Relative standard 
(min) (min) deviation* 
Injection l l ^ ^ ^ 
Re 22.931 0.121 0.53% 
Rgi 23.031 0.057 O.250/0 
Rf 26.681 0.132 0-49% 
Rbl 28.144 0.139 0.49% 
Rb2 28.555 0.204 0.71% 
Rc 28.710 0.149 0.52% 
Rd 29.749 0.169 0.57% 
*The average relative standard deviation is 0.52% 
The above results indicate that the relative error of 6 replicate analyses is 
satisfactory. Thus the proposed methodology seems to be a good analytical approach 
for the analysis of ginsenosides. 
To test the inter-day reproducibility, identical series of experiments were 
performed and the results obtained from three consecutive days are shown below 
(Table 3.9.2). 
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Table 3.9.2: Inter-Day Reproducibility 
^ A v e r a g e migration time Standard deviation Relative standard 
(min) (min) deviation* 
r^ ^ ^ 
Re 22.542 1.548 6.87% 
Rgi 22.730 1.547 6.81% 
Rf 26.388 2.034 7.71% 
Rbi 27.887 2.227 ^.99% 
Rb, 28.334 2,295 ^.10% 
Rc 28.470 2.326 S.I70/0 
Rd 29.532 2.494 S.45% 
*The average relative standard deviation is 7.48% 
The relative errors were relatively large comparing with those obtained from 
intra-day analysis. The EOF itself was sensitive to a number of factors such as the 
buffer pH and the ionizing ability of the silanol groups on the capillary wall. 
Practically, the EOF can serve as an interval reference in each experiment. 
3.10 Quantitative Analysis of the Ginsenosides 
Calibration curves were constructed for each of the reference standards (Rbi, 
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Figure 3.10.7: Calibration Curve of Ginsenoside Rgi 
From the above calibration curves, it was observed that all of them showed 
good linearity over the tested range, suggesting that a rather stable result could be 
obtained in the study of separation of ginsenosides using capillary electrophoresis. 
Apart from the calibration curves, the detection limits of the seven 
ginsenosides were also determined. By six successful injections of ginsenoside 
standards at the low mg ml'^ level (0.27 to 0.31 mg ml"^), the detection limits of the 
ginsenosides were calculated and the results are shown in Table 3.10.1. 
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Table 3.10.1: Detection Limit of Ginsenosides 
~ G i n s e n o s i d e D e t e c t i o n Limit (ng/mL) 







3.11 Application of the Developed Methodology 
After investigation of the intra-day, inter-day reproducibility and 
determination of the detection limit, experiments were conducted to show how the 
method would be applied to ginseng samples. 
It is well known [40,41] that six major ginsenosides, i.e. Rbi, Rbi, Rc, Rd, Re 
and Rgl are present in both American and Korean ginseng. A major difference 
between these two types of lies in the fact that Korean ginseng contains ginsenoside 
Rf while American ginseng does not [42]. We therefore made use of the capillary 
electrophoresis to analyze the ginsenosides, including Rf, in these two kinds of 
ginseng roots. Sanchi and Japanese ginseng are not used in this study since the use of 
these two species is limited and they can be readily distinguished by examining their 
external appearance. 
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3.11.1 Experimental Procedures 
Three Korean ginseng samples and two American ginseng samples were used 
for the analysis and they were purchased from a Chinese herbal store in Kowloon 
Tong and Shatin. Each sample was pulverized and passed through a 0.45 pm sieve. 
Ten grams of the finely pulverized sample were placed in a cellulose extraction 
thimble and extracted in a micro-Soxhlet extractor with 90 ml methanol for 6 hours. 
Excessive methanol was evaporated under reduced pressure and the residue was 
partitioned between diethyl ether/ water (1:3) three times. The water layer was then 
extracted with water-saturated n-butanol (water : n-butanol 二 3: 1). The n-butanol 
portion was collected, evaporated in vacuo, and the residue was dissolved in 10 ml 
70% methanol in a 10-ml volumetric flask. 
After the preparation of the sample, separation was performed as described 
above and the some of the resulting electropherograms were recorded as shown 
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Figure 3.11.1: Separation of Ginsenoside Standards in 30 mM Borate/Phosphate 
Solution at pH 7.50 and 0.15 M Sodium Cholate Solution (30% Methanol). Injection 
Time: 1.0 sec 
The electropherogram of the ginsenosides standards (Figure 3.11.1) indicated 
the following migration times: EOF (12.015 minutes), Re (20.837 minutes), Rgi 
(21.055 minutes), Rbi (25.543 minutes), Rhj (25.936 minutes), Rc (26.033 minutes) 
and Rd (26.936 minutes). Using identical experimental parameters, results of the 
Korean and American ginseng samples were obtained and two of the resulting 
electropherograms are shown (Figures 3.11.2 and 3.11.3), and three of them are 
shown in Appendices 11-13. 
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Figure 3.11.2: Electropherogram of Korean Ginseng Sample Purchased from a Store 
in Kowloon Tong. Buffer Content: Solution 30 mM Borate/Phosphate Solution at pH 
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Figure 3.11.3: Electropherogram of American Ginseng Sample Purchased from a 
Store in Kowloon Tong. Buffer Content: Solution of 30 mM Borate/Phosphate 
Solution at pH 7.50 and 0.15 M Sodium Cholate Solution (30% Methanol). Injection 
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In the electropherogram of the Korean ginseng sample, peaks were found at 
(injection) 11.773, (Re) 20.554, (Rgi) 20.760，(Rf) 23.791, (Rbi) 24.985, (Rb!) 
25.438, (Rc) 25.528 and (Rd) 26.500 minutes. When these values were compared 
with those recorded in the electropherogram of the American ginseng sample, it was 
clear that no peak for ginsenoside Rf (about 24 minutes) was present in the latter. 
Since the time of migration of ginsenoside Rf was so unique (with no other 
ginsenoside peak in the nearby region), it can be concluded that the methodology 
proposed in the present study can be applied to distinguish the Korean ginseng from 
American ginseng. 
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Chapter 4: Conclusion 
Capillary electrophoresis is a modem separation method that has been 
developed rapidly in the past 15 years. By using this approach, chemical constituents 
of a number of Chinese herbs have been characterized. In this study, a methodology 
using capillary electrophoresis was developed for the separation of the seven 
ginsenosides, namely ginsenoside Rbi，Rb�，Rc, Rd, Re, Rf and Rgi. 
The choice of surfactants was the most important factor for the separation of 
analytes. In an initial approach, borate/phosphate solution alone was attempted. This 
system proved to be a failure since ginsenosides did not ionize and no separation 
could be achieved. Buffer additives were then employed in an attempt to separate the 
ginsenosides. The use of p-cyclodextrin again proved to be unsuccessful. It was 
probably because the inclusion complexes formed between P-cyclodextrin and the 
ginsenosides were relatively neutral, and they migrated together with the EOF. The 
next step was to try sodium dodecyl sulfate (SDS). However, due to high 
hydrophobicity in the interior of the SDS micelles, the ginsenosides molecule would 
likely bind strongly with the micelle aggregates and could not differentiate from one 
another. 
In the view of the less hydrophobic in the interior of the micelle aggregates, 
sodium cholate was selected. Unlike the result obtained from SDS solution, most of 
the ginsenosides standards could be separated in the presence of sodium cholate. 
After a series of modifications (such as the sodium cholate concentration and the 
percentage of methanol in the cholate solution), it was found that 0.15 M sodium 
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cholate solution (dissolved in 30% methanol) would provide the best separation. 
During the process of optimization, it was observed that an increase of the 
borate/phosphate concentration caused a decrease of migration time of the 
ginsenosides, which was probably the result of the increased zeta potential. Whereas 
a change of pH caused a problem in separation of some of the ginsenosides peaks, 
especially ginsenoside R b � a n d Rc, it was found that at pH 7.50，a satisfactory 
separation of the ginsenosides could be achieved. 
Comparison of the separation performance of the ginsenosides using 
capillaries of different inner diameters was also studied. In consideration of the 
signal-to-noise ratio, a capillary with an inner diameter of 75 |im was chosen. 
Finally, experiments for optimization of the applied voltage, the operating 
temperature and the time of sample injection were performed. Taking into 
consideration of the peak width and the operating current generated, it was concluded 
that the best operating condition for the separation of ginsenosides would be a 
voltage of 25 kV, with an operating temperature of 35^C, and a one-second 
hydrostatic injection of sample. 
To determine the reproducibility of the proposed method, identical 
experiments were repeated. The average relative standard deviations of the intra-day 
and inter-day analysis were found to be 0.519% and 7.484%, respectively. Since the 
relative standard deviation of the inter-day analysis was quite large, it was suggested 
that standard solutions should be run before testing ginseng samples. Also, the 
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capillary should be pre-conditioned and post-conditioned with sodium hydroxide and 
water daily. 
To test the feasibility of using the proposed method, Korean ginseng and 
American ginseng were analyzed. The proposed methodology was shown to be able 
to distinguish the two ginseng roots based on the presence or absence of ginsenoside 
Rf. 
It is concluded that the proposed method for the separation of ginsenosides 
using capillary electrophoresis is useful and feasible. Advantages of this approach 
include simple preparation of the buffer, low operating cost, small volume of sample 
consumption and a short analysis time. It is indeed an alternative method from using 
HPLC as an analytical tool. 
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Appendix 1 ——Electropherograms for the Analysis of Ginsenosides. Buffer 
Composition: 20 mM Borate/Phosphate Solution with Sodium Cholate with 
Concentration Ranging from 50 mM to 0.20 M. Capillary i.d.: 50 |im. 
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Appendix 2 -—Electropherograms for the Analysis of Ginsenosides. Buffer 
Composition: 20 mM Borate/Phosphate Solution at pH 8.5 with Sodium Cholate (0.15 
M) Dissolved in Methanol Ranging from 0% to 30% by Volume. Capillary i.d.: 50 |im. 
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Appendix 3 ——Electropherograms for the Analysis of Ginsenosides. Buffer 
Composition: Borate/Phosphate Solution with Concentration Ranging from 10 mM 
to 50 mM at pH 8.5 with Sodium Cholate (50 mM Dissolved in 30% Methanol). 
Capillary i.d.: 50 [im. 
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Appendix 4 _…-Electropherograms for the Analysis of Ginsenosides. Buffer 
Composition: Borate/Phosphate Solution with Concentration Ranging from 10 mM 
to 50 mM at pH 8.5 with Sodium Cholate (75 mM Dissolved in 30% Methanol). 
Capillary i.d.: 50 |im. 
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Appendix 5 -…-Electropherograms for the Analysis of Ginsenosides. Buffer 
Composition: Borate/Phosphate Solution with Concentration Ranging from 10 mM 
to 50 mM at pH 8.5 with Sodium Cholate (0.15 M Dissolved in 30% Methanol). 
Capillary i.d.: 50 jim. 
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Appendix 6 ----- Electropherograms for the Analysis of Ginsenosides. Buffer 
Composition: 10 mM Borate/Phosphate Solution at pH Ranging from 7.00 to 9.00 
with Sodium Cholate (0.15 M Dissolved in 30% Methanol). Capillary i.d.: 75 |im. 
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Appendix 7 ----- Electropherograms for the Analysis of Ginsenosides. Buffer 
Composition: 20 mM Borate/Phosphate Solution at pH Ranging from 7.00 to 9.00 
with Sodium Cholate (0.15 M Dissolved in 30% Methanol). Capillary i.d.: 75 i^m. 
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Appendix 8 - E l e c t r o p h e r o g r a m s for the Analysis of Ginsenosides. Buffer 
Composition: 30 mM Borate/Phosphate Solution at pH Ranging from 7.00 to 9.00 
with Sodium Cholate (0.15 M Dissolved in 30% Methanol). Capillary i.d.: 75 ^m. 
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Appendix 9 -…-Electropherograms for the Analysis of Ginsenosides. Buffer 
Composition: 40 mM Borate/Phosphate Solution at pH Ranging from 7.00 to 9.00 
with Sodium Cholate (0.15 M Dissolved in 30% Methanol). Capillary i.d.: 75 |im. 
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Appendix 10 - E l e c t r o p h e r o g r a m s for the Analysis of Ginsenosides. Buffer 
Composition: 50 mM Borate/Phosphate Solution at pH Ranging from 7.00 to 9.00 
with Sodium Cholate (0.15 M Dissolved in 30% Methanol). Capillary i.d.: 75 jim. 
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Appendix 11 ----- Electropherogram of Korean Ginseng Sample Purchased in Shatin. 
Buffer Content: Solution 30 mM Borate/Phosphate Solution at pH 7.50 and 0.15 M 
Sodium Cholate Solution (30% Methanol). Injection Time: 1.0 sec 
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Appendix 12 ----- Electropherogram of Korean Ginseng Sample Grown in Northeast 
China Purchased in Shatin. Buffer Content: Solution 30 mM Borate/Phosphate 
Solution at pH 7.50 and 0.15 M Sodium Cholate Solution (30% Methanol). Injection 
Time: 1.0 sec 
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Appendix 13 ----- Electropherogram of American Ginseng Sample Purchased from a 
Store in Shatin. Buffer Content: Solution 30 mM Borate/Phosphate Solution at pH 
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Appendix 16 ----- Details of Quantitative Analysis of Ginsenoside Rc 
Concentration Average integrated peak area Standard deviation 
(mg/ml) 
0.313 8.88 0.23 
0.50 15.43 0.50 
1.25 37.63 1.57 
2.50 71.57 2.38 
Appendix 15 ——Details of Quantitative Analysis of Ginsenoside Rb： 
Concentration Average integrated peak area Standard deviation 
(mg/ml) 
0.20 4.28 0.13 
0.32 5.48 0.24 
0.80 14.07 0.69 
1.60 28..91 0.80 
1 0 1 
Appendix 16 ----- Details of Quantitative Analysis of Ginsenoside Rc 
Concentration Average integrated peak area Standard deviation 
(mg/ml) 
0.23 8.81 0.22 
0.36 13.11 0.25 
0.90 30.37 1.29 
1.80 61.95 1.22 — —— — “ 
Appendix 17 - D e t a i l s of Quantitative Analysis of Ginsenoside Rd 
Concentration Average integrated peak area Standard deviation 
(mg/ml) 
0.27 9.95 0.40 
0.42 17.63 0.30 
1.05 44.08 1.23 
2.10 83.90 1-90 
-L 
1 0 2 
Appendix 18 ——Details of Quantitative Analysis of Ginsenoside Re 
Concentration Average integrated peak area Standard deviation 
(mg/ml) 
0.31 8.75 
0.50 15.91 0.27 
1.25 36.76 1.20 
2.50 71.20 2.02 
Appendix 19 ——Details of Quantitative Analysis of Ginsenoside Rf 
Concentration Average integrated peak area Standard deviation 
(mg/ml) -
0.28 11.23 0.29 
0.44 18.37 0.28 
1.10 47.23 1-71 
2.20 89.68 2.71 
1 0 3 -
Appendix 20 Details of Quantitative Analysis of Ginsenoside Rgi 
Concentration Average integrated peak area Standard deviation 
(mg/ml) 
0.27 10.91 0.51 
0.42 18.74 0.42 
1.05 42.15 0.87 
2.10 82.57 2.04 
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